The purpose of this article is to study the deformation of a fabric hanging over a two-dimensional obstacle and submitted to its own weight. Fabrics usually have a non-linear behaviour because of their flexibility.
INTRODUCTION
Let Ω be an open, connected and bounded subset of R 2 , located on the same side of its boundary Γ, which is supposed to be Lipschitz continuous. A textile fills in the domain Ο = Qx]-h,h[ of R 3 , where A is a positive real. Ο is taken as the initial configuration. We suppose that Ω is located in the plane (e/.e^.
We define the placement Φ of the initial configuration as a smooth, injective and orientation-preserving function from Ο to R 3 . The displacement field is then defined through : u = Φ -Id. Thanks to the thinness of the domain O, we impose the usual Cosserat hypothesis. , such that / is a unit vector transverse to the surface associated to φ in R 3 (mean surface).
Computing the Green Saint-Venant deformation tensor and neglecting the terms of order two with respect to x 3 in this expression, we get :
where φ,α denotes the partial derivative of φ with respect to the variable χα (Greek indices take their values in the set { 1 ,2}). This allows to define the following tensors :
The second Piola-Kirchhoff tensor is defined as :
where Τ φ is the symmetric Cauchy strain tensor.
We suppose a linear relation between Σ and E, that is : Σ ν = C I]U EU, where the fourth-order tensor C is supposed to be given a special form, assuming that the textile is homogeneous, symmetric and orthotropic with axes (ei.e 2 where the coefficients of the matrices are linked to the mechanical properties of the material. The symmetry properties of these matrices imply that the material is being given an hyper-elastic behaviour, which means that the material inherits a density energy given as :
through the identification between symmetric matrices and vectors. This leads to an internal elastic energy (resp. a total energy) given by :
where σ (resp. g) denotes the mass surfacic density (resp. the gravity intensity). Computing these expressions, we get :
The functions φ and t are supposed to belong to the set : One then imposes the Kirchhoff-Love Hypothesis. The vector t is supposed to be everywhere the outer normal to the mean surface. This means that the displacement of the upper part of the textile with respect to that of the lower part is neglected. This implies :
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This hypothesis simplifies the total energy functional as :
where the function φ must belong to Η ~ (Ω, R ) .
FIRST MODEL (NON-LINEAR MEMBRANE)
We here consider the energy :
One can prove that this functional is not sequentially lower semi-continuous for the weak topology of where D is a bounded subset of R 3 .
After some quite complicated computations, we can prove We then prove our main result:
Theorem 3. This non-linear membrane problem has a weak solution in the sense of 121.
Sketch of the proof. We first prove that the minimisation problem associated to the functional involving the quasi-convex envelope Qfoff has a solution. Then we prove that the two infima take the same value, which ends the proof. For the details of the proof, we refer to /3/ and to a forthcoming paper. where the g u are positive coefficients.
We then prove our main result.
Theorem 4.
The minimisation problem associated to this regularised functional has a solution.
Sketch of the proof. We first prove that the energy functional is proper. Thanks to its coercivity, we prove that every minimising sequence is bounded in Η 2 (Ω,&) . The compact embedding from Η^-(Ω,Κ^) into H^(QR^) allows taking a strongly convergent sub-sequence in the latter space. In order to pass to the limit in the non-linear terms contained in the energy functional, we use a result presented in III. Then we use the weak lower semi-continuity property of the energy functional for the weak topology of ΰ-(Ω,Ρ?) with respect to each term. For the details of the proof, we refer to /3/ and /4/.
NUMERICAL RESOLUTION
A numerical resolution of the two models has been built in /3/. This numerical resolution is based on a descent iterative method coupled with a multi-grid one in order to accelerate the convergence of the algorithm. Notice that a theoretical analysis of this algorithm is presented in /3/.
Here are some simulations for the first model and concerning a cotton tissue. 
CONCLUSION
Two mathematical models have been introduced in order to describe the fabric drape, when the fabric hangs from a two-dimensional obstacle. The first model is a non-linear membrane one, the mathematical analysis of which leads to the computation of the quasi-convex envelope of the associated energy density.
The second model is a non-linear membrane-flexion model and is obtained when adding a regularising term to a non-coercive energy functional. Using the techniques of the Calculus of Variations, we prove the existence of at least one solution for this minimisation model. Λ further step would consist cancelling this regularising term that is letting the associated positive coefficients go to 0. As a further study, one can consider the case of a fabric hanging on a sphere. This case is a little bit more complex, the fabric being held fixed on a point (the top of the sphere). Λ numerical resolution of the two models is presented in /3/. This numerical resolution is based on a descent iterative method coupled with a multi-grid one in order to accelerate the convergence of the algorithm.
